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Table 1
Beam parameters during the ESS DTL1 commissioning.
Parameter Value
Proton energy [21 £ 0.8] Mev
Proton current 16, 6251 mA
Pulse length <50 s
Pulse rate Tor 11 He
FWHM, 981 mm
FWHM, 256 mm
Peak power 131 MW
Average power 100 W

2. Design of the DTL1 Faraday cup

‘The ESS DTL1 Faraday cup was designed at ESS in Lund (Sweden),
via thermo-mechanical simulations in MCNPX/ANSYS (par. 2.1). MC-
NPX/CINDER'90 simulations provided the activation levels and resid-
ual dose-rate after the exposure of the DTL1 FC to 21 MeV protons
(par. 2.2). The manufacturing and assembly of the DTL1 FC was per-
formed by the RadiaBeam company in Santa Monica (USA) [5]. The
DTL1 FC is made up of two major components, namely the actual cup
and its actuator system for insertion in the ESS linac beampipe.

‘The actual cup (Fig. 1) is composed of:

« An entrance foil and a collector, for stopping protons of non-
nominal and nominal energies, respectively. The foil is 2.5 mm
thick, while the collector is 7 mm tick; both components are made
of graphite. The collector was isolated by alumina standoffs and a
Shapal™.-M disk that also provides a thermal path. The Shapal™.-
M material was selected because of its high heat conductivity and
low specific electrical resistance [6].

A bias ring between the foil and the collector that can be oper-
ated down to ~1000 V, for preventing the contamination of the
primary proton signal from secondary electrons. The repeller ring
is isolated by alumina ceramic standoffs.

A water-cooled copper body. A seamless stainless-steel tube was
brazed into the copper body, so that there are no vacuum-to-
water joints to fail under high pressure. Four threaded holes in
the copper body avoid virtual leaks.

The modular design allows the replacement of the most critical com-
ponents i.e. the foil and the collector. The DTL1 FC has an effective
aperture diameter of 31 mm and a total length of just 26.56 mm,
‘making it one of the most compact designs ever realized to the authors’
knowledge. In fact, after the temporary installation within the DTL1
shielding, the device will be relocated in a DTL intertank where the
available space is just 30 mm (along the z-axis, ie. in the beam
direction), thus requiring an extremely high precision in the motion
and in the flatness of the front and rear surfaces. Al the in-vacuum
components have to operate in UHV conditions once permanently
installed in the DTL intertank. All materials to be used in vacuum
needed to be approved by ESS Vacuum team. In particular, plastics,
non-water soluble machining lubricants, glues and greases are strictly
prohibited. Only the highest-purity grade of copper (Oxygen-free, high
thermal conductivity copper) is allowed for use as heat sink. The
actuator system must hold the device in its position (either inserted
or extracted) at any time, even if there is a failure in the air supply.
The cup is actuated by a custom bellows-sealed pneumatic actuator. A
rod-lock mechanism requires compressed air (max 8.6 bar) to allow the
actuator motion. A loss of air pressure or electrical signals will result
in the pneumatic cylinder being locked in its position. Three seconds
are required to allow the rod-lock mechanism to be fully open. Two
terminal blocks are included for all control and read-back signals with
interfaces: one to the air-control valve for the pneumatic cylinder and
for the rod-lock, and a second one to the machine protection system for
the position and motion control. The limit switches are mechanically
actuated by the movement of the bellows and thrust screws allow
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for independently-settable actuation points. Two limit switches are
installed for the extracted position, whereas three limit switches (of
which one redundant) are used for controlling the inserted position.
Solenoid valves include flow-limiters on the exhaust ports to limit the
actuation speed. The valves are configured for 5.5 bar pressure and can
be adjusted if required.

During the DTL1 commissioning, the DTL1 FC was vertically in-
stalled in the dedicated shielding after the DTL1 and always locked
in the inserted position in order to act as beam dump. The actuator
stroke is 10 cm in length, with adjustable mechanical hardstops. The
distance between the entrance flange and the beam axis is 41 cm.
1SO bakeable knife-edge flanges (ConFlat type, 22 cmx13.8 cm) were
used for UHV application, with a metal seal made of Oxygen-Free
High thermal Conductivity (OFHC) copper. The vacuum feed-through
hosts the signal cable, the HV cable for powering the bias ring, and
the water pipes. The connector for the signal cable and for the HV
cable are SMA and SHV-5, respectively. The water pipes for cooling
the cup have an outer diameter of just 4 mm, with the inner diameter
being of 2 mm where the cooling water circulates with a pressure of
6 bar. The cooling lines are made of stainless-steel (AISI-316). The
electrical isolation of the water cooling lines was difficult but achieved
by mounting the flange tube feed-through on a ceramic break isolator.
In this way, it was possible to fully isolate the FC system using a
dielectric tubing on the air-side in conjunction with low-conductivity
water. The vacuum vessel and Faraday cup holder are made from
high-quality, low-carbon stainless steel of the AISI-304L and AISI-316L
varieties. The bellow is made from AM350 stainless steel for long-life.
At the end of the assembly (Fig. 2), the DTL1 FC weights 25 kg and four
main categories of tests were performed. A “hot” leak check and Resid-
ual Gas Analyzer (RGA) scan were performed to demonstrate vacuum
compliance. Motion-repeatability tests were performed under vacuum,
with the actuator cycled several hundred times and the repeatability
demonstrated. The RGA scan excluded more than 1% hydrocarbon
partial pressures for masses greater than 44 amu. A high-pot tester
demonstrated the dielectric strength of the HV and signal readouts are
sufficient. A hydrostatic leak-check was performed to show seamless
sealing of the cooling joints. A 13 bar hydrostatic pressure was held
for 20 min with no loss of pressure or visible leaks.

2.1. MCNPX/ANSYS for thermo-mechanical calculations

‘The scope of the DTL1 FC was to act as a beam dump throughout
the duration of the DTL1 commissioning, ensuring a safe absorption
and dissipation of the proton beam power. On one hand, the materials
of a beam dump should have high specific heat capacity, high melting
point, high strength and low thermal expansion. On the other hand, low
Z materials are preferable because of the lower efficiency in producing
secondary particles in intranuclear cascades. During the DTL1 commis-
sioning in 2022, the maximum proton energy was in the [21 + 0.8]
MeV range and the proton current was up to 62.5 mA, making the
corresponding thermal load the most severe one during the commis-
sioning of the five ESS DTL sections. Considering the challenging beam
power and the residual activity to be minimized, graphite was the only
possible choice for the DTL1 FC components directly exposed to the
proton beam i.e. the entrance foil and the collector. Therefore, a market
survey was conducted, selecting in the end the extruded graphite C-
00-FL-000160 type (with a density of 1.72 g/cm?). All the graphite
properties provided by the supplier are in Table 2, from [7]. Ahead
of the device procurement, the graphite density was conservatively
assumed to be 1.80 g/cm® in the simulations while aiming to procure
graphite components with a density less than 1.80 g/cm’. Given the
average power to be dissipated (100 W), water cooling was necessary.
‘The DTL1 FC relies on a single U-shaped water loop at the very back
of the device, to avoid the direct exposure of the water to protons.
Considering that the heat transfer had to be maximized, Shapal™-M
and copper were chosen for the collector insulation and the FC body,
respectively.
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 本次会议由张刚报告了“LEDP-FC屏蔽设计报告”，吕永佳介绍了“LEDP-FC初步机械设计”。与会人员讨论了用于CSNS-II LEDP段法拉第筒的设计方案，具体内容如下：
1、 需要与物理明确法拉第筒的技术要求，是垃圾桶还是流强测量设备；（会后已明确LEDP-FC功能为束流垃圾桶，不涉及束流流强测量）;
2、 辐射防护系统是根据2023年初束测系统给出的法拉第筒设计方案（石墨+铜+钨的材料组合）做的屏蔽方案设计，纵向长度需求160 mm，石墨直接受到束流轰击产生次级粒子、利用铜进行导热和次级粒子吸收、利用钨进行次级γ吸收，但参考ESS-DTL4-FC的方案，束测系统原LEDP-FC设计有一定改进空间。可采用TZM+石墨+铜的材料组合，TZM作为入口能量衰减层，具有减小收集极热负荷的作用，能够有效减小法拉第筒纵向长度，具体机械尺寸需重新根据LEDP段物理和真空需求进行基于MCNPX的仿真和优化。
3、 真空问题：法拉第筒撤出管道时，是否增加插板阀，保证石墨在80 MeV负氢束流以200 W功率轰击下放气不会影响到超导段RF系统。
4、 水冷问题：需根据法拉第筒承载的束流功率，确定冷却水流速。
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